A 2014 outbreak of ­[\>]{.ul}1,153 cases of respiratory enterovirus (EV) D68 infection in the United States was responsible for the deaths of 13 children ([@R1]). This occurrence led public health officials to improve surveillance systems worldwide. Enhanced surveillance revealed a continuous spread of EV-D68 in several North and South America countries, including Canada ([@R2]), Chile ([@R3]), and Mexico ([@R4]), and in several countries in Europe, including Germany ([@R5]), Denmark ([@R6]), and France ([@R7]). However, in Africa, data on the spread of EV-D68 from the 2014 US outbreak were scarce. This retrospective study sought to confirm the circulation of EV-D68 in Senegal during the 2014 outbreak and to characterize the molecular composition of any EV-D68 strains that circulated.

The Study
=========

For this retrospective case series, we studied records of children with acute respiratory illness (ARI) and, with consent, those of outpatients with influenza-like illness (ILI) attending sentinel sites dedicated to influenza surveillance, most recorded in Senegal during September--December 2014. For each patient, in addition to recording demographic and clinical data, healthcare personnel collected a nasopharyngeal swab specimen. As part of routine surveillance, specimens were initially tested for respiratory viruses including influenza, respiratory syncytial virus, adenoviruses, metapneumovirus, coronaviruses, parainfluenza, rhinoviruses, enteroviruses, and bocaviruses ([@R8]). Later, samples collected during September--December 2014 were screened for EV-D68, as described elsewhere ([@R9]). For the molecular studies, the viral capsid protein 1 (VP1) gene region of EV-D68 was amplified and sequenced as described elsewhere ([@R10]).

Specimens were collected from 708 patients, ranging in age from 1 month to 95 years, and tested for EV-D68. The median age was 9 months; 45.8% of patients were children \<5 years of age. The male-to-female ratio was 0.95. EV-D68 was detected in 14 patients (2.0%): 13 of 680 with ILI and 1 of 28 with ARI. A similar rate was reported by Poelman et al. ([@R11]) in a Europe-wide retrospective and prospective laboratory analysis of clinical specimens during July--December 2014. A single infection was found in 5 samples; 9 samples were found to have [\>]{.ul}1 additional respiratory virus ([Table](#T1){ref-type="table"}). EV-D68 detection was associated with cough in 12 of 14 patients and rhinitis in 8 of 14. The single patient with ARI who tested positive for EV-D68 was a 7-month-old child, with no underlying disease, who had clinical signs of acute bronchitis, including dry cough, pulmonary condensation, rhinorrhea, progressive breathing difficulty, and an unusually long duration of illness of \>1 month; his condition deteriorated and he was hospitalized. This extended duration, linked to EV-D68 infection, was reported elsewhere ([@R12]).

###### Demographic, clinical characteristics and co-detections for the 14 patients infected with enterovirus D68, Senegal, September--December 2014\*

  NLABID       Illness type   Patient sex   Locality      Epidemiologic week   Clinical signs/symptoms               Co-detected infections
  ------------ -------------- ------------- ------------- -------------------- ------------------------------------- ------------------------
  E1462/2014   ILI            F             Tambacounda   41                   Fever, cough, rhinitis                AdV, HRV
  E1464/2014   ILI            M             Dakar         41                   Fever, cough, rhinitis, pharyngitis   AdV, EV
  E1465/2014   ILI            F             Dakar         41                   Fever, cough, rhinitis, pharyngitis   AdV
  E1470/2014   ILI            M             Kaolack       41                   Fever, cough, pharyngitis             AdV, EV, influenza B
  E1486/2014   ILI            F             Mbour         41                   Fever, cough, diarrhea                AdV, RSV
  E1554/2014   ILI            M             Dielmo        42                   Fever, rhinitis, myalgia              EV
  E0048/2014   ARI            M             Dakar         42                   Fever, cough, rhinitis                None
  E1560/2014   ILI            F             Dielmo        42                   Fever, cough, rhinitis                Influenza B, HRV
  E1583/2014   ILI            M             Dakar         43                   Fever, cough                          EV, influenza B
  E1626/2014   ILI            F             Fatick        43                   Fever, cough, vomiting                AdV, PIV, influenza B
  E1704/2014   ILI            F             Ziguinchor    44                   Fever, cough                          None
  E1709/2014   ILI            M             Mbour         44                   Fever, cough                          None
  E1787/2014   ILI            M             Dielmo        45                   Fever, rhinitis                       None
  E1899/2014   ILI            F             Dakar         50                   Fever, cough, rhinitis                None

\*AdV, adenovirus; ARI, acute respiratory infection; EV, enterovirus; HRV, human rhinovirus; ILI, influenza-like illness; NLABID, laboratory identification number; PIV, parainfluenza virus; RSV, respiratory syncytial virus.

The highest rate of infection during 2014 (46%) was recorded in the United States, probably at the beginning of the outbreak ([@R1]). In Senegal, most of the EV-D68--positive cases (12/14; 86.6%) were detected in October ([Figure 1](#F1){ref-type="fig"}). Most EV-D68--positive patients (64.3%) were children \<5 years of age.

![EV-D68 occurrence in Senegal, September--December 2014. A total of 708 nasopharyngeal samples were collected and tested for EV-68 during this period: 225 in September (0 positive), 218 in October (12 positive), 193 in November (1 positive), and 72 in December (1 positive). EV-D68, enterovirus D68.](18-1441-F1){#F1}

From all 14 samples testing positive for EV-D68, we successfully obtained a 900-nt fragment of the VP1 gene; we deposited these sequences into GenBank (accession nos. MH885638--51). BLAST analysis (<https://blast.ncbi.nlm.nih.gov/Blast.cgi>) showed that all EV-D68 strains from Senegal shared \>98% homology with strains detected in France (GenBank accession no. LN6813392), Canada (accession no. KP455258), and Germany (accession no. KP657740.1). Phylogenetic analysis of the VP1 fragment revealed that all 14 sequences belonged to the A1 variant of clade A ([Figure 2](#F2){ref-type="fig"}). The strains from this study clustered with several other strains circulating during the same period in Germany, France, Philippines, Spain, Canada, the Netherlands, and Finland, with a bootstrap value of 97. However, genotype B, which had been detected in the United States, Canada, Germany, France, and other countries during the 2014 outbreak, was not found in Senegal.

![Phylogenetic relationships among enterovirus D68 (EV-D68) strains detected in Senegal (blue) and other countries (black) during the US outbreak period, September--December 2014. The phylogenetic tree based on nucleotide sequences of partial viral protein 1 genomic regions of EV-D68 strains was generated using the neighbor-joining method in MEGA6 (<http://www.megasoftware.net>). Sequences are identified by GenBank accession number, country, and period of detection. The phylogenetic tree is rooted by the oldest EV-D68 sequence in GenBank, the Fermon strain (pink), collected in 1962 in California, USA. We performed 1,000 bootstrap replicates to determine the consensus tree; support for nodes present in \>70% of the trees are annotated. Scale bar indicates nucleotide substitutions per site.](18-1441-F2){#F2}

The phylogenetic evidence indicates EV-D68 circulation in Senegal, approximately concurrent with, but unrelated to, the large US outbreak in 2014. Results identified EV-D68 activity from October through December 2014 in Senegal, with peak EV-D68 detection occurring in October. This aligns with findings reported in countries in Europe ([@R11]); in North America, peaks were mapped in August in the United States ([@R13]) and in September in Canada ([@R14]).These results suggest circulation of the virus in Senegal 2 months after the beginning of the outbreak in the United States ([@R1]). This 2-month delay was also noted by Nathaniel et al. ([@R15]) before the introduction of EV-D68 strains in the Caribbean region. However, earlier EV-D68 circulation was reported in Latin America ([@R3],[@R4]) and Europe ([@R5]--[@R7]).

During the outbreak period, global circulation of EV-D68 strains belonging to clade B (B1 and B2, specifically) and strains from A1 and A2 subclades were reported ([@R1],[@R7],[@R11]). All EV-D68 strains identified in Senegal for this study belonged to subclade A1, unlike in the United States, where clade B EV-D68 strains circulated during almost the same period. Phylogenetically, the US outbreak was characterized by a novel subclade, B1, which emerged rapidly and was the dominant strain. Available data indicate that the exclusive circulation of clade A in Senegal during the 2014 outbreak was reported elsewhere only in Spain. In contrast, Slovenia, Norway ([@R11]), the Caribbean region ([@R15]), Mexico ([@R4]), and Chile ([@R3]) reported only clade B over the same period.

Our study had some limitations. First, the inclusion of fever as a clinical sign for the case definition may have contributed to underestimating the number of EV-D68 infections during the North America outbreak; several studies have reported cases of afebrile EV-D68 infections ([@R13]). A second limitation was the small number of severe acute respiratory infection (SARI) cases in this study, because a higher proportion of detected EV-D68 in SARI patients or those with other concurrent conditions has been previously reported ([@R5]). At the time of data collection, the SARI sentinel surveillance system we used was not as developed as it is now. Inclusion in the screening of a larger number of hospitalized patients would probably present a more accurate picture of EV-D68 circulation. Finally, we conducted a retrospective study. The database we used contained limited information on disease outcome, and atypical clinical symptoms were not reported. Thus, the association between EV-D68 infections and severe clinical signs could not be established.

Conclusions
===========

Despite the study's shortcomings, we have confirmed circulation of EV-D68, exclusively of the A1 lineage, in Senegal at the time of the outbreak in the United States. Our study also adds to the growing body of evidence that EV-D68 may cause severe respiratory disease, especially in children, even in those without underlying chronic respiratory diseases. The detection of EV-D68 in a child with a severe respiratory infection reinforces the need to include this virus in SARI sentinel surveillance, which is focused mainly on pediatric hospitalization. Through this system, data on disease outcome, underlying complications, atypical clinical signs, duration of symptoms or hospitalization, and treatment are routinely collected to better assess burden. Additional research will be necessary to investigate cases of acute flaccid paralysis to determine their relationship with EV-D68 infections.
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